The reported incidence of acute respiratory illness in families exposed to different concentrations of air pollution was studied during two consecutive school years. The purpose of the study was to determine the effect of increased exposure to sulfur dioxide and suspended particulate matter. In each of four study communities, the mothers of approximately 250 white families were contacted biweekly to obtain information regarding the occurrence of respiratory symptoms in each family member. Annual mean ambient sulfur dioxide concentrations in one community for the three years included in the study (1971)(1972)(1973) were well above the current air quality standard of 80 ,ug/m3, while in the other three communities the annual sulfur dioxide concentrations were much lower (usually less than 40 ,ug/m3). Suspended particulate matter concentrations in the high sulfur dioxide community were close to the limit designated by the annual standard (75 ,ug/m3) but actual exposures in the four communities probably were not excessive. Regression analyses of the data collected showed inconsistent associations between illness rates and educational attainment of the head of household, crowding in the home, bronchitis in parents or smoking by parents. However, once the effects of these factors were removed the adjusted rates showed little association with community of residence. It was concluded that the higher concentrations of sulfur dioxide in the Utah atmosphere could not be the cause of increases in acute respiratory illness in the exposed populations.
Introduction
The occurrence of acute respiratory illness in populations exposed to differing concentrations of air pollution was studied in Utah during the 1971-72 and 1972-73 school years. The studies conducted by the Health Effects Research Laboratory of the U.S. Environmental Protection Agency were undertaken in an effort to provide additional information relevant to effects of exposure to atmospheric sulfur dioxide (SO2) and suspended particulate matter (TSP) .
A number of studies related to this subject have been reported from the United States and from England (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . These have been consistent in their *Department of Epidemiology, School of Public Health, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 27514.
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findings of higher incidences of lower respiratory illness in populations exposed to relatively high concentrations of ambient air pollution. Less consistently, upper respiratory illness also has been associated with such exposure. At least some of these studies also demonstrate the effect of socioeconomic factors on respiratory illness rates (12, 13) .
A retrospective study of lower respiratory illness in the same study areas in Utah (15) found that children who had resided in the high pollution area for three years or more had more illness than did their counterparts in the less polluted communities. However, no association between pollution exposure and illness was found for children with residence times of less than three years. The prospective studies reported here were designed to investigate whether higher rates for acute respiratory disease (ARD) persisted in the high pollu-tion area or if the lack of association in shorter term residents reported earlier (15) was indicative of an improving health status. Since the time of the study, there have been indications that some of the measurements, particularly those for TSP, may have been subjected to a consistent negative bias in the range of 10 to 30% (16) . For the current report, therefore, a comparison has been made of data collected by the USEPA with other data collected independently at the same or similar sites by the State of Utah.
The study investigated a single hypothesis that the incidence or severity of acute respiratory illness was associated with the concentration of air pollutants to which populations were exposed. In addition, the effects of the more significant covariates on the illness rates were investigated. These include socioeconomic factors, smoking and the presence of chronic bronchitis.
Although analyses and presentation of these data have been delayed longer than usual, the information is relevant today because air quality standards continue to be a topic of controversy and because pressures to reduce the U.S. dependence on foreign sources of oil make it imperative that all information available relative to the possible impact of increased use of native coal supplies be reviewed.
Materials and Methods

Setting and Study Population
Four Utah communities, Magna, Kearns, Salt Lake City and Ogden, were selected for study on the basis of previously available aerometric and meteorologic data and similarity of socioeconomic status. The Utah setting was selected because past data suggested that a pollution gradient for SO2 could be studied in a situation in which TSP was rather uniformly low. Magna was selected as the high pollution area, Ogden as the low pollution area and Kearns and Salt Lake City as intermediate areas. Families within each area were recruited from those responding to a chronic respiratory disease (CRD) questionnaire provided to every family that included an elementary school child. Since response was very good (approximately 95%), the candidate population was considered to be representative of families headed by younger adults with children attending elementary school. Each candidate family was contacted by an interviewer who completed a questionnaire concerning demographic characteristics whenever agreement for participation was given. Again, the refusal rate was low (estimated grossly by the investigators to have 166 been <5%) and the sample enrolled was considered to be representative of that segment of the local population.
Interviewers, whenever possible, had had previous experience with telephone interviews. They were, in addition, given 2 or 3 days of intensive training to minimize interviewer bias. Interviewers were rotated routinely among the study subjects to maintain as much consistency as possible.
Approximately 250 families were recruited in each study area. The only restricting criteria when selecting families were that they must live within 1.5 miles (about 2.4 kilometers) of the air monitoring station; have lived in the home at least one year; have no plans to move within the subsequent year; have at least one child attending the local elementary school; and have a functioning telephone within the home. Families reporting substantial occupational exposure to dust by the head of the household also were excluded as were any individuals reported to have asthma, heart disease or chronic lung disease. These exclusions were made because of the potential confounding that could be associated with their inclusion.
The selection procedures limited the study populations to elementary school children and their immediate families. The incidence of illness was compared among these similar populations. It Upper respiratory tract disease (URD) classification was given to illnesses whenever reported symptoms were limited to dry cough, head cold, sore throat, sinus or postnasal drip or runny nose. Lower respiratory disease (LRD) classification was given whenever the reported symptoms included chest cold, productive cough, asthma, croup, bronchitis or pneumonia.
Environmental Health Perspectives
The inquiry concerned asthma rather than wheezing because it was believed that among the population studied it would be better understood. Since individuals who on the initial questionnaire were identified as asthmatic were eliminated from the study, it is not believed that this question could have introduced a serious bias.
On Illness rate per 100 person-weeks Each individual had three rates as disease indicators: upper respiratory illness rate, lower respiratory illness rate, and total respiratory illness rate. These individual illness rates were used as the dependent variable in multiple linear regression analyses.
Illness rates for groups were obtained by averaging the illness rates for all individuals within the group. Statistical significance of the group differences were determined by standard t-tests. The average severity of illness based on fever, number of days restricted activity, and the percent of illness prompting physician visits also were compared.
Other factors that might affect the incidence of respiratory illness were considered in the analyses. These included smoking habits of parents, crowding, educational status and bronchitis in parents. The importance of these factors was assessed by way of stratification and by the use of multiple linear regression analysis.
In the multiple regression analysis, a square-root transformation was made for the illness rates to meet more adequately the statistical assumptions. Analysis of variance tables were constructed to evaluate the effect of independent variables on the illness rates. Some interaction terms also were examined for their significance. These variables were tested by the sequential F test, with the community effect as the last variable to be entered in the model. The other variables were entered in the following order: education of the head of household, crowding, smoking, bronchitis, smoking + bronchitis and smoking + crowding.
The distribution of illness rates are inherently skewed to the left. However, the analysis of variance developed by the multiple regression method used is robust because a Fixed Effect Model was adopted and the sample sizes for the communities were large and approximately equal (17, 18 The reliability of data obtained through the teleThe demographic data collected (Table 1) indi-phone interviews was checked by reinterviewing cated that there were some differences in the study families containing 1272 individuals. Comparison of populations based on educational attainment, crowd-the data obtained with those provided on the original ing, parental smoking and race. These differences interview several days earlier gave a concordance were controlled by limiting the analyses to white (i.e., consistent information for the two interviews) subjects and by the multiple regression.
in excess of 96% with a reported illness rate of The number of families from whom information approximately 15%. was obtained for at least half of the study periods Incidence rates for respiratory illness during the varied among the study communities for the 1971-72 study periods (Table 3) showed no consistency with study period from about 240 to 280 (Table 2) . Dur-the SO2 pollution concentrations among the various ing the second study year, the same families com-family segments or between the two years of study. prised the major segment of the study population. Mean severity scores showed no consistent relaHowever, there were some losses and some new tionships with the community of residence nor did recruitments for the second year of the study. the percentage of the population who experienced Overall, the total study population for the second either no illnesses or multiple illnesses. Neither the average number of days of restricted activity associated with illness or the number of physician visits showed a consistent pattern with area of residence, within the family segments, or from year to year.
A stratified analysis showed that smoking was related fairly consistently in both adults and their children with higher rates of LRD but not with higher rates of URD.
A similar stratification gave some evidence that children of parents with chronic bronchitis were themselves subject to higher rates of respiratory illness but the data were far from conclusive.
The regression analysis (Tables 4 and 5 ) supported an inconsistent association of illness rates with smoking or bronchitis and in addition indicated the educational attainment of the head of household was frequently significant. However, once the effect of these factors was removed, the adjusted rates showed little association with community of residence (Table 6 ). Usually, when statistically significant differences in illness rates were observed, the higher rate occurred somewhere other than the designated high pollution area, Magna. Since inclusion of the potential interaction factors added very little to 170 the analysis, they were not included in the adjustments presented in Tables 4-6 .
Discussion
The results of this study suggest that neither the incidence nor the intensity of reported respiratory illness was affected by exposure to mean annual concentrations of SO2 in the range of 12 to 50% above the present annual air quality standard of 80 pLg/m3.
The results leading to this conclusion, however, could have been affected by factors not controlled in this study but this is not believed to be likely. Possible confounders include the lack of independence among illness rates for the various family members and the possibility that factors used in the regression analyses may be multicollinear. The similarity of the relative risks of acquiring respiratory illness shown by the unadjusted rates in Table 3 and the adjusted rates in Table 5 suggests that the combined effect of the potential confounders was small.
The square-root transformation to develop a betEnvironmental Health Perspectives (15) .
Although the study results, in the opinion of the authors, suggest that SO2 is a less significant pollu- Table 5 . Multiple linear regression rates of URD, LRD and total ARD on education, crowding, parental smoking, bronchitis in parents and residence among fathers, mothers, school children and preschool children: Utah 1972 Utah -1973 Figure 1 . Indoor pollution, particularly NO2 associated with using a gas stove for cooking, has been shown in some areas to be associated with higher rates of respiratory illness (21) . Such pollution may have been a significant factor in Utah but appropriate data for determining such significance were not collected. NO2 also may have been an important ambient pollutant in this study, especially in the designated low pollution areas.
In conclusion, it is believed that the data support the hypothesis that SO2 in high concentrations apparently had little or no effect on the incidence of acute respiratory illnesses in Utah.
